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# # 

(l) Although negative opinions were presented on the inventive step of 
the present invention defined in claims 1 to 4, 8 to 14, 16, 18, 21 to 25, and 
28 based on the following references 1 to 3, we can not agree that the 
present invention is obvious in view of prior arts disclosed in the 
references as mentioned below. 

Reference l: US, 5833447, A 

Reference 2: JP, 11-182818, A 

Reference 3: JP, 10-219354, A 
(2) Present Invention Defined in Claims 1 to 4, 10 to 14, 16, 18, 21 to 23 
and 25'- 

(I) The examiner stated "a full text of the specification of the 
reference 1 and Figs. 26 and 28 disclose a burner which injects 
combustion air from an elliptical throat and also injects fuel toward this 
air jet flow. Further, a full text of the reference 2 and Figs. 1 and 3 
disclose a burner provided with a regenerator for collecting heat of 
combustion exhaust gas and preheating combustion air. It is obvious for 
persons skilled in the art to add the regenerator described in the 
reference 2 to the burner described in the reference 1." 

(i) However, the present invention according to claims 1 and 11 
overrides the common sense concerning conventional combustion and 
realizes combustion with a short flame and a reduced amount of NOx. 
That is, in the common sense relating to the conventional combustion, it 
has been considered that a flame maximum temperature can be 
heightened and an amount of NOx to be generated can be exponentially 
increased (in particular, this increase becomes prominent when 
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preheating the combustion air to a high temperature close to a 
combustion exhaust gas temperature and supplying the preheated 
combustion air) wherever combustion air and fuel are caused to collide 
with each other while the combustion air and the fuel are having the 
velocity energy which is sufficient for provoking their mixing in the 
strong turbulent state. However, the present inventors have found a 
phenomenon which has not been conventionally thought in the 
combustion common sense, namely, that combustion with low NOx and 
short flames can be realized by mixing furnace gas in an air jet flow 
having an increased specific surface area and then causing collision 
before losing the velocity energy of air and fuel, and they have reached 
the present invention. 

(ii) On the contrary, the invention disclosed in the reference 1 
does not describe about this point. In particular, there has been pointed 
out that Figs. 26 and 28 disclose an elliptical combustion air injection 
opening and a fuel injection opening arranged in the vicinity of the 
combustion air injection opening. However, the air jet flow and the fuel 
jet flow are injected so as to collide with each other in parallel or at an 
angle falling with a range of approximately 15° , and the principle of the 
invention disclosed in the reference 1 is different from that of the present 
invention which aims at rapid diffusion. 

(iii) Further, in the burner illustrated in Figs. 1 and 3 of the 
reference 2, a hit point (collision/mixing position) of fuel relative to 
combustion air is shifted on the center line of a nozzle, the fuel mixing 
position is dispersed to, e.g., two points Pi and P 2 , and irregularities in 
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injection flow temperature on an injection flow line are reduced in order 
to avoid reduction in temperature at the center of the furnace width. 

(iv) Therefore, the present invention according to claims 1 and 11 
can not be attained even if the references 1 and 2 are combined, and it can 
not be said that the present invention is obvious from these references 1 
and 2. Furthermore, since the present invention according to claims 2 to 
4, 10, 12 to 14, 16, 18, 21 to 23, and 25 is obtained by further technically 
restricting the present invention defined in claim 1 or 11, it can be 
considered that the present invention according to these claims has the 
inventive step. 

(II) Present Invention Defined in Claims 8, 9, 24 and 28- 

The examiner stated "the reference 3 describes a heating furnace 
that a plurality of pairs of burners are formed in the furnace and the 
reduction atmosphere is formed inside the furnace. Using the burner 
disclosed in the reference 1 to the heating furnace described in the 
reference 3 is obvious to persons skilled in the art." 

(i) However, as the reference 3 describes in [0024] "as mentioned 
above, in any zone, by setting a quantity of air supplied from an air 
injection opening in such a manner that an air ratio becomes slightly 
larger than 1 in view of the entire burner 10", the heating furnace in this 
reference 3 is not a heating furnace in which the reduction atmosphere is 
formed as pointed out by the examiner. 

The reference 3 just mentions that there may be a case where the 
fuel is injected from two separate positions in parallel, one of which is 
close to a heating object and the other one of which is far from the heating 
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object, with the air jet flow sandwiched therebetween in order that the 
mixed area of air with the fuel jet flow close to the heating object is 
partially made to a reducing flame. Therefore, recognition of the 
reference 3 by the examiner is based on the distortion. 

Thus, even if the burner disclosed in the reference 1 is used for the 
heating furnace described in the reference 3, it can not be said that the 
present invention defined in claims 8, 9, 24 and 28 are obvious to persons 
skilled in the art. 
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In respective fields of iron and steel, non-ferrous metal, ceramics 
and others, non-oxidizing reduction combustion with an air ratio of 0.5 to 
0.95 (operating air ratio varies depending on each target furnace) is 
conventionally carried out in order to reduce an oxidation or generation 
scale, or improve or reform a material quality in a heat treatment step of 
a material. For example, in case of a ceramic baking furnace 102 shown 
in Fig. 16 as a typical example of a prior art non-oxidizing combustion 
furnace, a plurality of reduction type burners (capable of performing 
combustion at an air ratio not more than the theoretical air ratio) 101 are 
set so that a work 103 is heated in this non-oxidizing atmosphere (for 
example, an ordinary temperature to 1,250°C), extracted and carried to a 
next processing step. Although generation of soot is suppressed as much 
as possible by a well-designed mixing mechanism in the burners 101, 
generation of CO can not be of course avoided. Thus, usually, CO is 
burned in an after burner 104 provided in the vicinity of an outlet of the 
furnace, and exhaust gas is then passed through a recuperator 105 
provided at one position. In this recuperator, heat exchange with 
combustion air is carried out, and the exhaust gas is emitted from a stack 
108 at usually 300 to 400°C. Also, there are many facilities which do not 
have the recuperator 105. It is to be noted that reference numeral 106 in 
the drawing denotes a blower and 107 designates an exhaust fan. 

In such non-oxidizing reduction combustion, fuel which mainly 
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suppressed while also suppressing occurrence of NOx when a specific 
surface area of an air jet flow is increased and air and fuel are caused to 
collide with each other in a predetermined range. In other words, it is 
conventionally considered that a flame maximum temperature can be 
heightened and a quantity of NOx to be generated can be rapidly 
increased wherever air and fuel are caused to collide with each other 
when there is velocity energy which is sufficient for causing mixing in the 
very strong turbulent flow state of combustion air and fuel. In particular, 
it has been conventionally considered that this tendency becomes 
prominent when combustion air is preheated to a high temperature close 
to a combustion exhaust gas temperature. However, the present 
inventor and others have found that it is possible to effect combustion 
within a range of sufficient turbulent strength and with the low oxygen 
density by changing a cross sectional shape of an air jet flow and causing 
air and fuel to collide with each other in a predetermined range. 

Furthermore, the present inventor and others have revealed that 
flames can be shortened while suppressing generation of NOx when a 
specific surface area of an air jet flow is increased and air and fuel are 
caused to collide with each other, although it has been conventionally 
considered that rapidly mixing (turbulent diffusion mixing) of air and fuel 
immediately after the injection in order to shorten flames causes a large 
amount of NOx to be suddenly generated. That is, it has been 
conventionally considered that a combustion area is narrowed and a 
flame maximum temperature can be heightened and a large quantity of 
NOx is rapidly generated wherever air and fuel are caused to collide with 
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temperature areas because there is no part having the high oxygen 
density in the jet flow of combustion air. That is, in case of performing 
non-oxidizing reduction combustion with an air ratio of less than 1, when 
the oxygen density of combustion air is reduced and the fuel jet flow and 
5 the air jet flow are rapidly subjected to initial mixing with the strong 
turbulence, an amount of free O2 can be reduced as much as possible, and 
generation of unburned soot and that of NOx can be simultaneously 
suppressed. Further, in case of turbulent diffusion combustion with an 
air ratio of not less than 1, a tanen than that during low-speed mixing 
10 combustion can be obtained, but it is possible to obtain a flame having a 
flat temperature distribution without locally generating a 
high-temperature area, which is the same as that of low-speed mixing 
combustion. 

Further, according to the present invention, in a non-oxidizing 
15 reduction combustion method defined in claim 1, combustion air is 
preheated to a high temperature close to a temperature of combustion 
exhaust gas by collecting heat of combustion exhaust gas exhausted 
through a regenerative medium, and then supplied. Furthermore, 
according to a burner of the present invention, in the non-oxidizing 
20 reduction combustion burner defined in any of claims 9 to 19, an air 
throat includes a regenerative medium and flow path switching means 
which alternately leads combustion exhaust gas and combustion air to the 
regenerative medium, and combustion air preheated to a high 
temperature close to a combustion exhaust gas temperature is injected 
25 into a furnace through a regenerator. 
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suppress generation of unburned soot and that of NOx. With an air ratio 
of not less than 1, the short flame can be realized without increasing a 
quantity of NOx. 

Moreover, according to the present invention defined in claim 3, in 
a non-oxidizing reduction combustion method according to claim 1 or 2, 
combustion air is formed into a jet flow which is flat and has a thin 
thickness as a whole. In this case, the dilution effect by combustion gas 
is further enhanced by great increase in a specific surface area of the air 
jet flow, and a flow part having the high oxygen density/a jet flow having 
no core is formed when air collides with fuel. Thus, with the air ratio of 
less than 1, initial mixing can be rapidly performed and combustion can 
be carried out without having the high oxygen density parts but with the 
low oxygen density parts as a whole in the range of sufficient turbulence 
strength. As a result, an amount of soot to be generated can be reduced 
as much as possible, and occurrence of NOx can be also suppressed. In 
addition, in case of turbulent diffusion combustion with the air ratio of 
not less than 1, the short flame can be realized without increasing NOx. 

Additionally, according to the present invention defined in claim 4, 
in a non-oxidizing reduction combustion method according to any of 
claims 1 to 3, fuel is injected from at least two injection openings and 
caused to collide with an air jet flow having an increased specific surface 
area in a wide area, and this fuel is rapidly mixed with the air jet flow 
with the strong turbulences. In this case, a contact area between air and 
fuel is also increased, and mixing can be effected at a higher speed. 
Therefore, with the air ratio of less than 1, an amount of free 0 2 can be 
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reduced as much as possible, and generation of unburned soot can be 
decreased as much as possible. Further, generation of NOx can be also 
suppressed, thereby realizing the short flame without increasing NOx 
with the air ratio of not less than 1. 

Furthermore, according to the present invention defined in claim 5, 
in a non-oxidizing reduction combustion method according to any of 
claims 1 to 4, a plurality of fuel jet flows are formed, and the fuel jet flows 
collide with each other before colliding to the air jet flow. In this case, 
since a flat fuel jet flow which flatly spreads can be obtained when the 
fuel jet flows collide with each other before coming in contact with the air 
jet flow, a contact surface area between fuel and high-temperature 
furnace gas is increased. As a result, the fuel jet flow is 
diluted/preheated (condition of a furnace temperature of not less than 
800°C) at a position away from a fuel injection portion by a very short 
distance as compared with a case of a circular jet flow. Therefore, fuel 
has a high temperature, and a calorific value is sufficiently low. 
Furthermore, combustion air also has a high temperature and includes no 
part having the high oxygen density. Thus, even if rapid initial mixing is 
carried out with the strong turbulences, the stability of an ignition source 
can be maintained in a wide range of the supplied air temperature, and 
the combustion reaction is accelerated. Moreover, a quantity of free O2 
can be greatly decreased and an amount of soot to be produced can be 
reduced as much as possible. 

Additionally, according to the present invention defined in claim 6, 
in a non-oxidizing reduction combustion method according to any of 
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claims 1 to 4, a plurality of air jet flows are formed, and the air jet flows 
collide with each other before coming in contact with a fuel jet flow. In 
this case, a flat air jet flow which flatly spreads can be obtained when the 
air jet flows collide with each other before coming in contact with the fuel 
jet flow. Thus, as a result of increase in a contact surface area with 
respect to the high-temperature furnace gas, combustion air can be 
diluted/preheated (condition of the furnace temperature of not less than 
800°C) by combustion gas without being greatly distanced from the air 
injection portion as compared with a case of a circular jet flow. At this 
moment, since combustion air has a high temperature and the oxygen 
density is sufficiently lowered so that there is no part with the high 
oxygen density, even if combustion air is mixed with fuel in that state, the 
stability of an ignition source can be maintained in a wide range of the 
supplied air temperature, and combustion generating no area having a 
locally high temperature can be formed. At the same time, the 
combustion reaction is accelerated and an amount of free O2 can be 
reduced as much as possible, and minimization of a quantity of soot to be 
generated can be realized. With the air ratio of not less than 1, the short 
flame can be realized without increasing NOx. 

Further, according to the present invention, in a non-oxidizing 
reduction combustion method defined in any of claims 1 to 4, a plurality of 
fuel jet flows and air jet flows are formed, the air jet flows collide with 
each other and the fuel jet flows collide with each other before the fuel jet 
flows come in contact with the air jet flows. In this case, since a flat jet 
flow which flatly spreads can be obtained when the fuel jet flows collide 
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with each other before coming in contact with the air jet flows, a contact 
surface area between fuel and high-temperature furnace gas is increased. 
Consequently, the fuel jet flows are diluted/preheated (condition of the 
furnace temperature of not less than 800°C) without largely distanced 
from the fuel injection portion as compared with a case of a circular jet 
flow. At the same time, the air jet flows are also formed into a flat jet 
flow which flatly spreads when the air jet flows collide with each other 
before coming in contact with the fuel jet flow, and hence a high 
temperature is obtained, and the oxygen density is sufficiently lowered. 
Accordingly, when fuel has a high temperature, and the calorific power is 
sufficiently decreased, combustion air has a high temperature and 
includes no locally high oxygen density part. Therefore, even if initial 
mixing is rapidly carried out with the strong turbulences, the stability of 
an ignition source can be maintained in a wide range of the supplied air 
temperature, and combustion generating no locally high temperature 
area can be formed. At the same time, the combustion reaction is 
accelerated. With the air ratio of less than 1, an amount of free 0 2 can 
be reduced as much as possible, and minimization of a quantity of soot to 
be produced can be realized. With the air ratio of not less than 1, the 
short flame can be realized without increasing NOx. 

Moreover, according to the present invention, in a non-oxidizing 
reduction combustion method defined in any of claims 1 to 7, a plurality of 
pairs of the combustion jet flow and the air jet flow which collide with 
each other in the furnace are formed, thereby forming a large combustion 
field. 
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In addition, in a burner according to the present invention, fuel is 
injected with a ratio de/Dpcd of a corresponding diameter de of an opening 
of the air throat and a gap l/2Dpcd from the center of the air throat to the 
center of a fuel nozzle falling within a range of 0.1 to 0.5 and with a ratio 
La/de of the corresponding diameter de of the air throat with respect to a 
distance La from an intersection of a fuel injection axis and a plane on the 
central axis in the air throat longitudinal direction to an outlet surface of 
the air throat falling within a range of 1.0 to 5.0. When the air throat 
and the fuel nozzle are arranged within this range, the fuel jet flow and 
the air jet flow are caused to collide with each other while fuel has the 
velocity energy which is necessary and sufficient for turbulent diffusion 
mixing involving strong turbulences with the oxygen density of 
combustion air being sufficiently low. 

Moreover, in a burner according to the present invention, fuel is 
injected with a radio de/Dpcd of a corresponding diameter de of an 
opening of the air throat and a gap l/2Dpcd from the center of the air 
throat to the center of the fuel nozzle falling within a range of 0.1 to 0.5 
and a ratio La/de of the corresponding diameter de of the air throat with 
respect to a distance La from an intersection of a fuel injection axis and a 
plane on the central axis in the air throat longitudinal direction to an 
outlet surface of the air throat falling within a range of 2.0 to 10.0. 
When the air throat and the fuel nozzle are arranged within this range, 
the fuel jet flow and the air jet flow are caused to collide with each other 
while fuel has the velocity energy which is necessary and sufficient for 
turbulent diffusion mixing involving the strong turbulences and the 
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oxygen density of the combustion air is satisfactorily low. 

Moreover, according to the present invention, in the non-oxidizing 
reduction combustion burner, the air throat has a flat rectangular 
opening. An air jet flow formed in this case is flat and its specific surface 
area is exponentially increased as compared with the counterpart injected 
from a circular air throat. This activates contact with combustion gas 
and enhances the dilution effect, and a jet flow which does not have a high 
oxygen density portion/core can be hence formed when the air jet flow 
collides with fuel with the strong turbulences. Accordingly, an amount of 
free O2 can be considerably reduced, and rapid initial mixing is carried 
out with strong turbulences. A quantity of soot to be generated can be 
minimized, and generation of NOx can be further suppressed. 

Moreover, according to the present invention defined in claim 13, a 
specific surface area can be increased by dividing the air throat into a 
plurality of small holes. In this case, the specific surface area can be 
readily greatly increased as compared with the air throat consisting of a 
single perfect circle, and the distribution of temperature can become flat 
by scattering of the flames. 

In addition, according to the present invention defined in claim 14, 
the air throat is divided into a plurality of small holes and respective jet 
flows are arranged in a row so as to be connected to each other without 
being independent in order to form a jet flow having a flat cross sectional 
shape as a whole. In this case, the specific surface area becomes larger 
than that of a jet flow formed by the circular air throat and the oxygen 
density can be further rapidly decreased, as similar to the case of a flat 
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15, in a non-oxidizing reduction combustion burner according to any of 
claims 9 to 14, a fuel nozzle has at least two injection openings so that 
fuel can collide in a wide area with an air jet flow having an increased 
specific surface area. In this case, a contact area of combustion air with 
respect to fuel can be increased, and initial mixing by turbulent diffusion 
can be rapidly and extensively effected. 

Moreover, according to the present invention defined in claim 16, 
in a non-oxidizing reduction combustion burner according to any of claims 
9 to 14, the fuel nozzle has at least two injection openings so that a jet 
flow in which fuel jet flows emitted from respective injection openings 
collide with each other before coming in contact with an air jet flow is 
formed. In this case, since a flat jet flow which flatly spreads can be 
obtained when the fuel jet flows collide with each other before coming in 
contact with an air jet flow, a contact surface area between the fuel and 
the high-temperature furnace gas is increased. As a result, the fuel jet 
flows are diluted/preheated (condition of the furnace temperature of not 
less than 800°C) with a distance from the fuel injection portion being 
extremely reduced as compared with the case of a circular jet flow. 
Therefore, fuel has a high temperature and a calorific value is sufficiently 
low. In addition, combustion air also has a high temperature and there 
is no part having the high oxygen density. Thus, even if initial mixing is 
rapidly carried out with the strong turbulences, the stability of an 
ignition source can be maintained in a wide range of the supplied air 
temperature, and the combustion reaction is accelerated, and an amount 
of free 0 2 can be reduced as much as possible, and minimization of 
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generation of soot can be realized. 

In addition, according to the present invention defined in claim 17, 
in a non-oxidizing reduction combustion burner according to any of claims 
9 to 16, a plurality of fuel nozzles are arranged so as to surround an air jet 
flow. In this case, a contact area of air with respect to fuel can be 
increased, and initial mixing by turbulent diffusion can be extensively 
and rapidly performed. 

Additionally, according to the present invention defined in claim 
19, in a non-oxidizing reduction combustion burner according to claim 18, 
a plurality of fuel nozzles form a jet flow in which fuel jet flows collide 
with each other before coming in contact with an air jet flow. In this case, 
since a flat jet flow which flatly spreads can be obtained when fuel jet 
flows collide with each other before coming in contact with an air jet flow, 
a contact surface area between the fuel and the high-temperature furnace 
gas is increase. As a result, the fuel jet flows are diluted/preheated 
(condition of the furnace temperature of not less than 800°C) with a 
distance from the fuel injection portion being extremely reduced as 
compared with the case of circular jet flow. Therefore, fuel has a high 
temperature, and a calorific value is sufficiently lowered. Also, 
combustion air has a high temperature and there is no part having the 
high oxygen density. Thus, even if rapid initial mixing is performed with 
the strong turbulences, the stability of an ignition source can be 
maintained in a wide range of the supplied air temperature, and the 
combustion reaction is accelerated, and an amount of free 0 2 can be 
reduced as much as possible, and minimization of generation of soot can 
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be realized. 

In addition, according to the present invention, in a non-oxidizing 
reduction combustion burner defined in any of claims 11 to 19, a plurality 
of air jet flows and fuel jet flows are formed, and there are formed jet 
flows in which the air jet flows collide with each other while the fuel jet 
flows collide with each other before the air jet flows come in contact with 
the fuel jet flows. In this case, it is possible to obtain flat jet flows of fuel 
and combustion air which flatly spread when air jet flows collide with 
each other and fuel jet flows collide with each other before air jet flows 
and fuel jet flows come in contact with each other. Therefore, a contact 
surface area of the fuel and the high-temperature furnace gas and that of 
the combustion air and the furnace gas are greatly increased as compared 
with the case of the circular jet flows. As a result, the fuel and the 
combustion air are diluted/preheated (condition of the furnace 
temperature of not less than 800°C) with a distance being extremely 
reduced from each injection portion. Thus, the fuel has a high 
temperature, and a calorific value is sufficiently lowered. Also, the 
combustion air has a high temperature, the oxygen density is 
satisfactorily decreased, and there is no part having a locally high 
temperature portion. Therefore, even if the fuel and the combustion air 
are subjected to initial mixing with the strong turbulences, the stability of 
an ignition source can be maintained in a wide range of the supplied air 
temperature, and combustion formation can be obtained without 
generating a locally high temperature area. At the same time, the 
combustion reaction is accelerated, and an amount of free 0 2 can be 
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reduced as much as possible, and minimization of generation of soot can 
be realized. 

In addition, in this invention, since the combustion air when the 
fuel jet flow collides with the combustion air has a high temperature close 
to the combustion exhaust gas temperature and equal or above a 
self-ignition temperature of mixed gas of air and fuel, the combustion 
starts at the same time as the combustion air is mixed with the fuel. 
However, the oxygen density of the combustion air has been considerably 
decreased when the combustion air is mixed with the fuel. Thus, the 
combustion area is wider than that of the usual turbulent diffusion 
combustion so that a locally high-temperature area is not formed as 
compared with the usual turbulent diffusion combustion. 

Moreover, according to the present invention defined in claim 22, 
in a non-oxidizing reduction combustion burner according to claim 21, a 
ceramic honeycomb is included as a regenerative medium. Here, it is 
preferable that the number of cells of the honeycomb is 10 to 200 cells/in 2 . 
In this case, the pressure loss is much lower than that of a regenerator in 
which nuggets or blocks are filled. Therefore, even if soot and the like is 
generated, the performance is hardly deteriorated by clogging or fouling 
of such soot. Further, since the pressure loss is small, the combustion 
air can be injected into the furnace at a high speed by the low supply 
power. Thus, the gas in the furnace can be actively agitated to 
encourage uniformization of the furnace temperature distribution, and 
generation of NOx is suppressed. Also, convection heat transfer between 
the regenerator and the air or the exhaust gas flowing in the regenerative 
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medium at a high speed without turbulences can be improved, and it is 
possible to follow up changes in temperature in a very short time by a 
thin cell thickness as compared with the case of a regenerator having, e.g., 
nuggets. Therefore, a high-speed switching is enabled with the 
capability as the regenerator being fully utilized, and the temperature 
efficiency of heat exchange can be increased. Furthermore, the furnace 
temperature can be increased or decreased within a short time, and 
preheated air having a high temperature is supplied to improve the 
energy saving effect. 

Moreover, according to the present invention defined in claim 23, 
in a non-oxidizing reduction combustion burner according to claim 21 or 
22, the regenerative medium is included in the air throat of a burner body, 
and flow switching means is directly connected to the burner body so that 
combustion air and exhaust gas are switched very near the burner body. 
In this case, an air supply delay time of air charging/exhaust at the time 
of burner switching is minimized, and the CO density is stabilized. At 
the same time, an amount of free 0 2 at the time of switching is reduced as 
much as possible. That is, a purge capacity for a duct between the 
regenerative medium and the flow switching means is no longer necessary, 
and an amount of exhaust gas remaining in that duct is thereby also 
reduced. A quantity of purge air at the time of switching becomes very 
small. Therefore, the oxygen density can be prevented from being 
increased, and it is possible to prevent the adverse effect of free 0 2 in heat 
treatment and the like in which such high density should be avoided. 

Additionally, according to the present invention defined in claim 



f-^ BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a vertical cross- sectional view showing from the center an 
embodiment of a non-oxidizing burner for carrying out a non-oxidizing 
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Tachikawa Bldg. Bekkan, 12-7, Nishishimbashi 2-chome, Minato-ku, Tokyo, Japan, 
declares: 

(1) that I knows well both the Japanese and English languages; 

(2) that I translated the above-identified International Application from 
Japanese to English; 

(3) that the attached English translation is a true and correct translation of 
the amendment under PCT Article 34 in respect of the above-identified 
International Application to the best of his knowledge and belief; and 
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VERIFICATION OF TRANSLATION 
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5. Contents of Amendment 

(l) After page 1, line 2 of the specification, insert 

"TECHNICAL FIELD 
The present invention relates to an improvement in a burner 
apparatus and a combustion method thereof. More particularly, the present 
invention relates to an improvement in a burner apparatus for performing 
non-oxidizing combustion or reduction combustion and a combustion method 
thereof." 

(2) The description "with each other, ••■ suddenly generated." on page 8, 
lines 19 to 22, in specification is amended to "with each other.". 

(3) The description "a combustion area is narrowed and" on page 8 line 23, in 
specification is canceled. 

(4) Remove the description in lines 10 to 19 of page 26 of the specification 
and insert "In addition, according to the present invention, since the 
regenerative burner which can not be conventionally applied can be applied to 
non-oxidizing reduction combustion, an exhaust gas temperature at an outlet 
of the furnace can be lowered to a temperature close to an acid dew point, and 
energy saving of not less than 30% is possible as compared with the prior art 
burner. Additionally, a reduction ratio of a quantity of NOx to be generated 
can be 50% or lower as compared with the prior art burner by 
high-temperature air combustion, and a temperature distribution in a 
combustion field can be extremely flat. Therefore, the quality can be 
improved, and a flame length can be shortened 10 to 30%." after "suppressed." 
in line 8 of page 11 of the specification. 

(5) Remove the description in fines 5 to 7 of page 27 of the specification and 
insert "Therefore, an extremely-high-temperature hot blast can be effectively 
generated in the vicinity of a refractory allowable maximum limit." after 
"combustion." in line 13 of page 11 of the specification. 

(6) Remove the description in lines 6 to 22 of page 28 of the specification and 
insert "Specifically, a regenerative burner having the high energy saving 
effect can be applied to turbulent diffusion combustion. As a result, the flame 
length can be shortened approximately 10 to 30%, and an exhaust gas 
temperature at an outlet of the furnace can be lowered to a temperature close 
to an acid dew point, thereby enabling energy saving of 30% or above , as 
compared with the prior art burner. Additionally, a reduction ratio of a 
quantity of NOx to be generated can be reduced to 50% or lower as compared 



with the prior art by high-temperature air combustion, thus obtaining a very- 
flat temperature distribution in the combustion field. 

Further, according to this burner, the facility can be simplified as 
compared with a case where a large recuperator is used. 

Furthermore, according to the present invention, air and fuel can be 
mixed at a high speed, and it is possible to realize combustion by which a 
locally high temperature area is not formed in the flame. Therefore, a hot 
blast having a very high temperature can be effectively generated in the 
vicinity of a refractory allowable maximum limit. " after "NOx." in line 2 of 
page 13 of the specification. 

(7) After "possible." on page 14, line 20 of the specification, insert "In 
addition, in combustion with the air ratio of not less than 1, the short flame 
can be realized without increasing NOx." 

(8) The description "flatly spreads can be obtained" on page 14, line 25, in 
specification is amended to "flatly spreads can be effectively obtained in a 
short time/distance". 

(9) The description "is accelerated and an amount of free O2" on page 15, line 
13, in specification is amended to "is accelerated. In combustion with the air 
ratio of less than 1, an amount of free O2". 

(10) The description "when fuel has a high temperature, and the calorific 
power is sufficiently decreased," on page 16, lines 7 to 8, in specification is 
amended to "when fuel is diluted with combustion gas, a high temperature is 
obtained, and an effective calorific value is dropped. Further, the calorific 
power is sufficiently decreased. Furthermore,". 

(11) The description "In addition, in a burner according to the present 
invention," on page 16, line 22, in specification is amended to "In addition, in a 
burner according to the present invention, when a quantity of combustion air 
supplied from an air throat is less than the theoretical air quantity and 
high-temperature air combustion forming the non-oxidizing atmosphere or the 
reduction atmosphere is effected,". 

(12) Remove the description in line 25 of page 24 to line 7 of page 25 of the 
specification and insert "In this case, since fuel and air are rapidly mixed by 
turbulent diffusion mixing involving strong turbulences, an amount of free O2 
to be produced can be reduced as much as possible, and generation of soot and 
that of NOx can be suppressed. Specifically, when, for example, 13A city gas 
was burned by using a regenerative burner shown in Figs. 1 and 2, an amount 



of generated soot was suppressed to 0.06 g/Nm 3 or lower (Bacharach smoke 
number of l) with the air ratio of 0.8 (theoretical CO generation wet gas 
density of approximately 3.6%) at a furnace temperature of 1,000°C. Since 
an amount of generated soot is not less than 0.13g/Nm 3 (Bacharach smoke 
number of 9) when the regenerative burner is burned under the same 
conditions, reduction of approximately 54% was realized." after "being 
sufficiently low." in line 9 of page 17 of the specification. 

(13) The description "Moreover, in a burner according to the present 
invention," on page 17, line 10, in specification is amended to "Moreover, in a 
burner according to the present invention, when a quantity of combustion air 
supplied from the air throat is not less than the theoretical air quantity and 
high-temperature air combustion by turbulent diffusion mixing is carried 
out,". 

(14) Eemove the description in lines 8 of page 25 to line 9 of page 26 of the 
specification and insert "With the air ratio of not less than 1, if La/de = 0.2 to 
10.0, a further shorter flame can be obtained as compared with that in case of 
low-speed mixing since fuel and air are rapidly mixed by turbulent diffusion 
mixing involving the strong turbulences. That is, complete combustion can 
be effected with a short flame length. As apparent from an experimental 
result shown in Fig. 11, the flame length is shortened if the calorific power 
remains unchanged. For example, in case of a burner output of 330 Kw, 
when air and fuel are injected into the furnace in parallel with a 
predetermined distance maintained therebetween and mixed at a low speed 
(La/de = °°, Qf= 0° ), approximately 7 m of the visible flame length is 
required for complete combustion. On the other hand, when air and fuel are 
caused to collide with each other within a predetermined range (de/Dpcd = 0.1 
to 0.5, La/de = 5.0, a = 20° ) from the injection opening as in the burner and 
the combustion method according to the present invention, only 
approximately 5.2 m of the flame length is required. Therefore, the furnace 
length can be shortened by this difference in the flame length. Also, even if 
the furnace length is short, complete combustion can be performed without 
generating CO. Further, it is possible to obtain a flame temperature which is 
the same as that when the furnace length is long. Furthermore, as apparent 
from the experimental result shown in Fig. 10, an amount of NOx to be 
generated can be reduced. For example, an amount of NOx can be decreased 
to approximately 50 ppm with the air ratio m = 1.03 and 80 ppm or lower with 



the air ratio m = 1.1 by the reduced level conversion of 11% 0 2 . Incidentally, 
since a value of de/Dpcd does not largely affect the flame length, the flame 
length does not greatly change in a range from 0.1 to 0.5." after "is 
satisfactorily low." in line 22 of page 17 of the specification. 

(15) The description "Accordingly, an amount of ■■• be further suppressed." 
on page 18, lines 5 to 8, in specification is amended to "Accordingly, in 
combustion with the air ratio of less than 1, an amount of free O2 can be 
considerably reduced, rapid initial mixing is carried out with the strong 
turbulences. A quantity of soot to be generated can be minimized, and 
production of NOx can be further suppressed. In combustion with the air 
ratio of not less than 1, the short flame can be realized without increasing a 
quantity of NOx.". 

(16) The description "in a non-oxidizing reduction combustion burner" on 
page 20, fine 4, in specification is amended to "in a burner". 

(17) The description "is accelerated, and can be realized." on page 20, 
fines 20 to 22, in specification is amended to "is accelerated. In combustion 
with the air ratio of less than 1, an amount of free O2 can be reduced as much 
as possible, and minimization of generation of soot can be realized. In 
combustion with the air ratio of not less than 1, the short flame can be 
realized without increasing a quantity of NOx.". 

(18) The description "is accelerated, and can be realized." on page 21, 
fines 18 to 20, in specification is amended to "is accelerated. In combustion 
with the air ratio of less than 1, an amount of free O2 can be reduced as much 
as possible, and minimization of generation of soot can be realized. In 
combustion with the air ratio of not less than 1, the short flame can be 
realized without increasing NOx.". 

(19) The description "is accelerated, and ■■■ can be realized." on page 22, 
lines 18 to 20, in specification is amended to "is accelerated. In combustion 
with the air ratio of less than 1, an amount of free O2 can be reduced as much 
as possible, and minimization of generation of soot can be realized. In 
combustion with the air ratio of not less than 1, the short flame can be 
realized without increasing NOx.". 

(20) The description "In addition, ■•• diffusion combustion." in line 21 of 
page 22 to line 5 to page 23, in specification is canceled. 

(21) Remove the description in lines 10 to 17 of page 31 of the specification 
and insert "In addition, when air and exhaust gas alternately flow in the 



regenerative medium having the honeycomb structure, they reciprocate 
without generating a local turbulent flow or a low flow velocity, and hence 
soot does not adhere or is not deposited. Accordingly, the regenerator does 
not have to be cleaned or replaced even if it is used for a long time, and the 
maintenance is unnecessary. Additionally, according to the present 
invention, the performance is hardly deteriorated by clogging or fouling of the 
regenerative medium which is caused due to occurrence of soot." after "or 
fouling of such soot." in line 12 of page 23 of the specification. 

(22) The description "Specifically, when, for example, 13A city gas was 
burned by using a" in line 25 of page 24, in specification is canceled. 

(23) The description of page 25 in specification is canceled. 

(24) The description of page 26 in specification is canceled. 

(25) The description of page 27 in specification is canceled. 

(26) The description of page 28 in specification is canceled. 

(27) The description of page 29 in specification is canceled. 

(28) The description of page 30 in specification is canceled. 

(29) The description "density ■;• forming in the flame." in lines 1 to 22 of 
page 31, in specification is canceled. 

6. List of Attached Documents 

(1) New sheet of English translation, page 1 

(2) New sheet of English translation, page 1-1 

(3) New sheet of English translation, page 8 

(4) New sheet of English translation, page 11 

(5) New sheet of English translation, page 11-1 

(6) New sheet of English translation, page 13 

(7) New sheet of English translation, page 13-1 

(8) New sheet of English translation, page 14 

(9) New sheet of English translation, page 14- 1 

(10) New sheet of English translation, page 15 

(11) New sheet of English translation, page 16 

(12) New sheet of English translation, page 16-1 

(13) New sheet of English translation, page 17 

(14) New sheet of English translation, page 17-1 

(15) New sheet of English translation, page 17-2 

(16) New sheet of English translation, page 18 
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AMENDMENT(PCT, Art. 34 Amendment) 
To" Director-General of the Patent Office, Kozo Oikawa 

1. Identification of the International Application 
PCT/JP00/05518 

2. Applicant 
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PATENT COOPERATION TRE^^ 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
FOR200014PCT 


kt*d niDTuro A rTinw SeeNotificationofTransmittaloflnternational Preliminary 
UKTHER ACTION Examination Report (Form PC T/IPEA/416) 


International application No. 

PCT/JP00/05518 


International filing date (day/month/year) 
17 August 2000 (17.08.00) 


Priority date (day/month/year) 

17 August 1999(17.08.99) 


International Patent Classification (IPC) or national classification and IPC 
F23L 1/00, 15/02, F23D 14/22 


Applicant 

NIPPON FURNACE KOGYO KABUSHIKI KAISHA 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



16 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 




II 


□ 


III 


□ 


IV 


□ 


V 


IEI 


VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

21 February 2001 (21.02.01) 


Date of completion of this report 

21 June 2001 (21.06.2001) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



-iHPnary examination report f^P 



national application No. 

INTERNATIONAL PRES^pRVARY EXAMINATION REPORT PCT/JP00/055 1 8 



I. Basis of the report 



1. With regard to the elements of the international application:* 
| "| the international application as originally filed 

[X] the description: 

pages 18-31 , as originally filed 

pages 1-13/2,17 , filed with the demand 

pages , filed with the letter of 

/\ the claims: 

pages 1-28 , as originally filed 

pages , as amended (together with any statement under Article 1 9 

pages , filed with the demand 

P a g es , filed with the letter of 



the drawings: 

pages 1/12-12/12 , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 

| | the sequence listing part of the description: 

pages , as originally filed 

pages t filed with the demand 

pages 9 filed with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ 

contained in the international application in written form. 

□ 

filed together with the international application in computer readable form. 

□ 

furnished subsequently to this Authority in written form. 

□ 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



13 



The amendments have resulted in the cancellation of: 
EX] the description, pages 14-16 

□ 

the claims, Nos. 



I 1 the drawings, sheets/fig . 



^ I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
— 1 beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70. J 6 
and 70. J 7). 

** Any replacement sheet containing such amendments must be referred to under item J and annexed to this report. 
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ARY EXAMINATION REPORT 



rnational application No. 

PCT/JP00/05518 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-28 



5-7,15,17,19,20,26,27 



1-4,8-14,16,18,21-25,28 



1-28 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations 

Document 1: US, 5833447, A (L'AIR LIQUIDE, SOCIETE ANONYME POUR L' ETUDE ET, 
V EXPLOITATION DES PROCEDES GEORGES CLAUDE), 10 November 1998 (10.11.98), 
full text, Figures 26 and 28 

Document 2: JP, 11-182818, A (NGK INSULATORS, LTD.), 6 July 1999 (06.07.99), full 
text, Figures 1 and 3 

Document 3: JP, 10-219354, A (SANKEN SANGYO K.K.), 18 August 1998 (18.08.98), full 
text, Figures 1 and 2 

Claims 1-4, 10-14, 16, 18, 21-23, 25 

The aforesaid document 1 describes a burner that sprays air for combustion from an elliptical 
throat and sprays fuel toward this air jet stream. This burner appears to be one that mixes the 
fuel jet spray with the air jet spray whose specific surface area has been enlarged before it loses 
its velocity energy, and it is mixed by turbulence. 

Therefore in the burner described in document 1 mixing the fuel jet stream in the air jet 
stream "quickly" with "strong" turbulence is within the ordinary designing ability expected of a 
person skilled in the art. 

Also, document 2 describes a burner provided with a heat storage body for recovering the heat 
of uncombusted gas and preheating the air for combustion. Adding a burner with a heat storage 
body like that described in the aforesaid document 2 to the burner described in the aforesaid 
document 1 is within the ordinary designing ability expected of a person skilled in the art. 

Claims 8, 9, 24, 28 

Forming a plurality of groups of burners inside a furnace to make a heating furnace is well 
known to persons skilled in the art, as indicated by the description in the aforesaid document 3. 
Making a heating furnace by forming a plurality of groups of burners as described in the 
aforesaid documents 1 and 2 is within the ordinary designing ability expected of a person skilled 
in the art. 
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